Two layers (3 and 6) in the dorsal lateral geniculate nucleus (GLd) of the tree shrew (Tupaia belangeri) receive projections from the superficial layers of the superior colliculus. The goal of this study was to determine whether the same or different cells in the superior colliculus give rise to the projections to layers 3 and 6 by following individual axons labeled with biocytin from the superior colliculus to the GLd. The results show that the terminal fields differ in the two layers-those in layer 3 are restricted to a line of projection, whereas those in layer 6 are elongated along the dimension orthogonal to a line of projection. Another important difference between axons that project to GLd layers 3 and 6 is that those that project to layer 6 give off collaterals to the posterior pretectal nucleus, whereas at least some axons that project to layer 3 send a collateral to the ventral lateral geniculate nucleus (GLv). These results suggest that the superior colliculus exerts separate influences on these two GLd layers, both of which project to separate targets above layer IV in the striate cortex. The biocytin method has proved useful by showing the dendritic trees of the superior colliculus cells of origin, the pathways taken by the axons (including the presence of collaterals), and the terminal fields both within and outside the GLd.
The laminar organization of the dorsal lateral geniculate nucleus (GLd) has been an attractive subject for comparative anatomists because lamination suggests that something important is being segregated and the question is, What? After the discovery of two sets of layers, one for each eye, the question remained, What distinguishes layers within a set? As early as 1942, it was suggested that layers within a set maintained segregation of different classes of retinal ganglion cells (1) , a suggestion that has been supported repeatedly in more recent physiological (2) (3) (4) (5) (6) (7) and anatomical (8-10) studies of the GLd. And, while segregation of retinal projections is the most obvious starting point to the study of GLd lamination, there are other sources of projections to GLd besides the retina. For example, in the tree shrew (Tupaia belangeri), two of the six layers (layers 3 and 6) receive projections from the superior colliculus (11) ; and these layers are special in several other ways. The other four GLd layers in this species consist of two matched pairs (each pair is made up of a layer for each eye) that project to layer IV ofthe striate cortex (12) .
In contrast, layers 3 and 6 both receive fibers from the contralateral eye and project to the superficial layers of striate cortex above layer IV: layer 3 projects to layers IIIb and I; layer 6 projects to layer IHIc (12, 13) . As part of the more general issue of the laminar organization of GLd, the question we ask here is whether one population of cells in the superior colliculus sends collaterals to both layers 3 and 6, or whether different populations of cells project to each one of the two layers. The finding that there are, indeed, two populations of superior colliculus cells was supported by an unexpected result: superior colliculus cells that project to the GLd send a collateral to a target outside of GLd, and it appears likely that axons terminating in layer 3 have outside targets that are different from those terminating in layer 6.
METHODS
The experiments were carried out on five adult tree shrews. Subjects were anesthetized with ketamine/xylazine, intubated, and placed into a stereotaxic frame. Core body temperature was maintained at 370C with a thermostatically controlled warm-water blanket. Respiration and heart rate were monitored continuously throughout the procedure, and the corneas were protected with ophthalamic ointment. Small craniotomies exposing the cerebral cortex over the GLd or superior colliculus were made, and glass microelectrodes (5-to 10-pm i.d.) containing 5.0% biocytin (Sigma)/0.9% NaCl were lowered into the target structures. Exact placement of the electrode tip was determined by physiological recordings of light-evoked visual responses. The injections were made by iontophoresis (5 gA for 10-15 min).
Two days after surgery the animals were given a lethal dose of sodium pentobarbital and perfused through the heart with 0.9% NaCl followed by 4 .0o (wt/vol) paraformaldehyde/0.1 M phosphate buffer, pH 7.4. After 30 min the fixative was flushed with a 10.0% (wt/vol) sucrose solution in the same buffer. The brains were removed, blocked in the coronal plane, and allowed to equilibrate overnight in a 20.0% sucrose solution at 40C. Frozen sections (50 gm) were collected in phosphate-buffered saline (PBS). The sections were then rinsed in several changes of PBS and incubated in avidinbiotin complex (ABC, Vector Laboratories) in PBS/0.5% Triton X-100 for 2 hr at room temperature. The peroxidase component of the avidin-biotin complex was visualized with 0.05% diaminobenzidine/0.003% H202 (14) . Sections were mounted onto gelatin-coated slides, dehydrated, and coverslipped. Selected sections were counterstained lightly for Nissl substance with thionin.
Labeled neurons and axons were reconstructed from drawings by using x63 or x 100 oil-immersion lenses in conjunction with a camera lucida at magnifications of x700-1000.
RESULTS
Fig. la shows an injection site of biocytin into layer 3 of the GLd of tree shrew 3291. Note that, unlike an injection of horseradish peroxidase, where the marker spreads to fill the extracellular space, the injection of biocytin is restricted to cell bodies and their dendritic and axonal processes, with Abbreviations: GLd, dorsal lateral geniculate nucleus; GLv, ventral lateral geniculate nucleus; SGS, stratum griseum superficiale. *To whom reprint requests should be addressed.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. little diffusion into the surrounding extracellular matrix (see also Fig. 1c ). As expected, neurons labeled by retrograde transport were found in upper stratum griseum superficiale (SGS) of the superior colliculus (see Fig. lb branch that reached GLv was restricted to its lateral or external division. In tree shrew 3292, biocytin was injected into GLd layer 6 (see Fig. ic) , and neurons labeled by retrograde transport were again found in SGS of the superior colliculus (see Fig.  ld) . Like the cell shown in Fig. lb , the cell projecting to layer 6 has a small soma (-8 gum in diameter) and a narrow, bipolar dendritic field oriented perpendicular to the tectal surface. Also like the cell projecting to GLd layer 3, most of its proximal processes are smooth, whereas distal processes exhibit numerous bouton-like endings. The widest mediolateral extent of the dendritic field is only slightly greater than 90 ,um. Although the dendritic field of the cell projecting to GLd layer 3 was restricted to the upper half ofupper SGS and stratum zonale, that of the cell projecting to layer 6 spans all of upper SGS and stratum zonale.
The most significant difference between the cells that project to layer 6 and those to layer 3 was in the target of the collateral that did not project to the lateral geniculate body. After nate in the GLv but in the posterior nucleus of the pretectum (see left side of Fig. 2) . A reconstruction of the terminal field of one such collateral is shown in Fig. 3 . Collateral branches emerge from the main trunk at three separate points, and each branch gives rise to numerous terminal boutons en passant that stretch for -1 mm within the nucleus.
To sum up, the results based on retrograde transport of biocytin from the GLd to the superior colliculus show that projections to layers 3 and 6 originate from small neurons in upper SGS with narrow, vertically arranged dendritic fields. There is some suggestion that the cells projecting to layer 6 have dendrites that span more of upper SGS than those projecting to layer 3, but more neurons will be necessary to confirm this initial observation. The results also show that axons from the superior colliculus that reach the GLd issue collaterals to other subcortical visual targets. There is some suggestion that axons terminating in layer 6 send collaterals to the pretectum, whereas axons terminating in layer 3 send collaterals to GLv.
In an effort to confirm these findings, we injected biocytin into SGS of the superior colliculus and traced efferent axons Samples of superior colliculus axons that project to the GLd in the tree shrew. At left, an axon destined for the monocular segment of GLd layer 3 bifurcates in the optic tract (TO) and passes through layers 6 and 4 before branching into a loose plexus of en passant terminals. A few terminals are also present in layer 4 . At right is the arborization pattern of an axon that terminates in layer 6 . The terminal arborization is very dense and organized parallel to the long axis of the layer.
to the GLd. Examples of terminal fields of axons labeled by anterograde transport of biocytin to layers 3 and 6 are shown in Fig. 4 . In GLd layer 6 the terminal fields are organized parallel to the layer and may extend in the dorso-ventral dimension as much as a millimeter or more. In GLd layer 3 terminal fields are organized perpendicular to the layer and cover only --1/l0th the width of layer 6 axons. As expected, axons that were traced into GLd layer 6 issued collaterals to the pretectum. So We showed evidence from the retrograde transport experiments that an axon terminating in layer 3 sent a collateral to GLv, The argument that the superior colliculus exerts a different influence over the two layers seems to be clinched by the failure to find collaterals from a single tectal neuron to both layers by either anterograde or retrograde transport of biocytin.
The question of classes of tectal cells that project to the lateral geniculate body arose from the prior question of the segregation achieved by lateral geniculate body lamination. Layers 3 and 6 in the tree shrew are special because, unlike the other two pairs, both layers 3 and 6 receive fibers from the contralateral eye, thus underscoring the importance of a search for differences between them. Besides the fact that the same cell in the superior colliculus does not project to both layers, the present results show a further difference-the pattern of axonal arborization. Those axons that terminate in layer 6 are organized parallel to the layer and orthogonal to a line of projection, whereas those that terminate in layer 3 are organized orthogonal to the layer, along a line of projection. These differences match the differences in organization of dendritic processes of cells in the two layers, as well as the arborization patterns of retinal axons within each layer. Cells in layer 6 have elongated dendrites arranged parallel to the layer (16, 17) , and retinal axons that terminate in layer 6 have a similar elongated organization (18) . By comparison, cells in layer 3 have small, radially arranged dendritic fields (16, 17) , and retinal axons that reach layer 3 are restricted to very small terminal fields (18) . This combination of differences in dendrites and axonal terminals likely contributes to the differences in receptive-field sizes between the two layers (19) .
In summary, the projections from the superior colliculus to the GLd in the tree shrew terminate in particular layers, and each layer is innervated by a separate population of superior colliculus cells. The organization of superior colliculus projections to the GLd accentuates the differences between GLd layers 3 and 6 in cytoarchitecture, receptive-field properties, and connections.
